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ABSTRACT

Background: There is little evidence demonstrating how self-reported outcome
measures capture change during the first six months after anterior cruciate ligament
(ACL) reconstruction.
Objectives: To describe changes in pain, function, and quality o f life for patients within
the first six months after ACL reconstruction, and to propose optimal sequencing of
questionnaires that capture this information within this time period.
Methods: Twenty-two males and twenty-two females (mean age 27.39 years) completed
four outcome measures at specific time intervals during six months of post-operative
physical therapy. Regression curves were created to describe changes during this time
period. Standardized Response Means were calculated for each measure at specific time
intervals.
Results: The LEFS and the P4 documents captured the most standardized change in the
first time interval. Most measures showed the most change in the first nine weeks after
surgery.
Conclusion: The LEFS and the P4 appeared to capture change most effectively in the
early post-operative period.
Key Words: anterior cruciate ligament, outcome, LEFS, P4, IKDC, ACL-QOL
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CHAPTER 1: INTRODUCTION & OBJECTIVES

Introduction

There has been considerable research performed regarding the anatomy, biomechanics,
injury, reconstruction, and rehabilitation of the anterior cruciate ligament (ACL). There
are also several instruments available to measure self-reported pain, function, and quality
of life after ACL reconstruction.1 Studies evaluating interventions in this population
during the post-operative period require measures that are valid, reliable, and sensitive to
change. Logically, we expect to see changes in the self-reported characteristics during
the course of an intervention, and researchers need to incorporate the most effective and
efficient measures to capture this information. However, to the best of our knowledge,
there are no studies investigating the sensitivity to change of self-report measures in the
early post-operative period. Consequently, there is no evidence to assist authors in the
selection of measures for research in this period.

In the last three decades there has been a shift in the health care field towards measuring
patient-reported outcomes (PROs).1 Researchers, and to some degree clinicians, have
instituted the use of PROs to provide information in various aspects of patient
rehabilitation such as functional ability, activity and participation restrictions, pain, etc.
and it has been suggested that these measures provide a way to measure outcomes from
the patient’s perspective.3 Patient-reported measures have also been shown to capture a
more accurate estimation o f disabilities than do performance-based tests.4 The
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information provided by these measures is used to gauge patient progress, to determine
the effectiveness o f a rehabilitation program, and to make retum-to-sport and work
decisions.2

Previous research has established that there are many variables that affect a patient’s selfreported health status after ACL reconstruction, and that measurement of these factors
often requires several different instruments.5 However, there is little evidence describing
how outcome measures capture change in patient status over the full continuum of a
rehabilitation program. Research that suggests which questionnaires report change
during different time frames is necessary to make both the rehabilitation and its feedback
measurements more effective. Even those measures that have been tested rigorously
during their development are tested during only a fraction of the rehabilitation time
frame,6 which leaves several unanswered questions. For example, do these measures
reflect a similar magnitude of change for the entire rehabilitation continuum? If not,
which PROs are most effective at measuring change at different phases of rehabilitation?

Currently, the process o f collecting self-report information from patients is comprised of
asking patients to complete all instruments at all time points. Without knowing which
measures capture change at which times during rehabilitation, it is difficult to decide
which measures patients should be asked to complete in a clinical or research setting. It
would be much more efficient if patients could be asked to complete only those measures
that capture pertinent information at each time point. If we can identify key
questionnaires for specific post-operative time intervals, then we can implement the
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collection of PROs efficiently and ensure that the information being collected is relevant
to both the clinician and the patient.

Research Objectives

The objectives o f this study are two-fold: 1) to describe changes in pain, function, and
quality o f life for patients within the first six months after ACL reconstruction, and 2) to
propose optimal administration of the questionnaires that capture this information within
the acute post-operative time period.
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CHAPTER 2: REVIEW OF THE LITERATURE
2.1.0 Basic Anatomy of the ACL
2.1.1 Structure
The Anterior Cruciate Ligament (ACL) is a collagenous ligament within the knee joint.
It is an intra-articular, extra-synovial ligament with its own sheath that joins the joint’s
synovial tissue. The femoral attachment of the ACL is on the medial surface of the
lateral femoral condyle. For the tibial attachment, the ACL attaches laterally to the
anterior tibial spine.3 Some fibres from the ligament are thought to be incorporated
within the attachments of the medial and lateral meniscus, as seen in Figures 2.1 and 2.2.

patella
(knee cap)

articular
cartilage

lateral
collateral
ligaments
lateral
meniscus

medial
meniscus
— medial
collateral
ligaments

Reprinted with Permission1

Figure 2.1. Anterior View of the Right Knee
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Reprinted with Permission1

Figure 2.2. Posterior View of the Left Knee
The ACL is made up of two segments termed the anteromedial bundle and the
posterolateral bunch, named for the locations o f their insertions on the tibia.4 While the
two segments share loading and are continuous, mechanical properties of the segments
are not uniform and thus the load distribution varies with the full range of motion within
the knee joint.5 Both segments have relatively equal load sharing during full knee
extension, though the anteromedial bundle supports almost 90% of the load in knee
flexion greater than 45 degrees.6

2.1.2 Function
The ACL is an important contributor to knee stability. The two main functions of the
ACL are 1) to prevent anterior translation of the tibia with respect to the femur, and 2) to
resist tibial rotation, especially in knee extension.6 These functions assist the knee in
allowing humans to perform speed and directional changes such as planting, cutting,
pivoting, and decelerating.
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The human ACL also contains mechanoreceptors that transmit information on joint
position and motion, and are thought to contribute to a reflex arc activating muscular
contraction of the knee stabilizers.7 Reider et al. (2003) investigated the effect of ACL
injury on knee proprioception for patients before and after reconstruction. These
investigators found bilateral deficits in injured patients before surgery, and that
reconstruction of the ACL improved knee proprioception close to the level of the control
group.8

Due to the functional and proprioceptive role of the ACL, a deficiency in this ligament’s
properties could result in changes to both the stability and the positional sense of the knee
joint. When a supporting structure within the knee is injured, the other intact structures
compensate by increasing their share of the loading forces, and are therefore at greater
risk for injury.9 There is concern that individuals with chronic ACL deficiency who
return to activity may be more susceptible to ligament tear, osteochondral injury,
meniscal tear, or damage to other knee structures.10

2.1.3 Blood Supply
The ACL is supplied through its synovial tissue by the tibial intercondylar artery,5 which
is a branch off of the middle genicular artery.3 The blood supply is thought to vary with
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age, but is also considered to be adequate for ligament healing in cases of incomplete
tears.3,5
2.1.4 Innervation
The ACL is innervated by branches of the tibial nerve. Innervations are vasomotor with
some evidence suggesting that these innervations contribute to proprioception and to
sensory function.3

2.2.0 Mechanism of Injury
The ACL is one of the most commonly injured ligaments in the human body" and it is
generally injured during sporting activity. The ligament can be tom in either a contact or
non-contact situation, though it has been suggested that the vast majority of ACL injuries
have non-contact mechanisms. ’

The most common of these non-contact mechanisms

is where the tibia moves into external rotation with respect to the femur and the
quadriceps contraction pulls the femur back off o f the tibial plateau.14 These joint
positions commonly occur during decelerating, pivoting, cutting and landing
mechanics.15,16 Additionally, Fauno and Jakobsen (2006) found that eccentric contraction
of the quadriceps muscles may increase the risk of injury,

and it has also been reported

that excessive hamstring flexibility may predispose an athlete to an ACL injury.15

The ACL can be ruptured at the femoral insertion point, the tibial insertion point, or midsubstance,

but the location of the tear is not relevant to primary clinical evaluation.
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Clinicians are concerned with whether or not there is a tear in the ACL, and whether or
not the ACL is still functional.

2.3.0 Incidence
The incidence of ACL injury in the general population has not yet been presented for
Canada. However, it can be assumed that due to similar cultures and activities, the
proportion of injuries in Canada will closely resemble those from the United States of
America (USA). The number of ACL injuries in the general population of both Denmark
and the USA was originally stated by Nielsen and Yde (1991) as being approximately 0.3
per 1000 inhabitants per year18 and 1 in 3000 people per year,19 respectively. It was also
reported in the same year that 40% of all serious knee injuries are injuries to the
ligaments and that 46% of documented ligament injuries involve the ACL.19 These
proportions of ligament injuries have been supported by Bollen (2000) in more recent
work from the United Kingdom and the USA.20

A five-year study performed by Gianotti et al. (2009) found 1147.1 knee injuries per
100 000 people per year in the general population of New Zealand, 80% of which were
injuries to the ACL. The majority of ACL tears in this study occurred during sport or
recreational activity, and 58% had a non-contact mechanism. Additionally, the authors
suggested that the 20-39 year old age group was at the greatest risk for ACL tears.13
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Podromos et al. (2007) suggested that the risk o f injury is proportional to the amount of
exposure to sport and that there is approximately a five percent chance of ACL injury for
athletes with 167 exposures per year.21 Common sports to produce ACL injuries are
soccer, basketball and men’s lacrosse,22 though soccer has been suggested to produce the
largest number of injuries per exposure for both males and females.23

Several studies have shown that the number o f injuries in females is two- to three-times
that of males regardless o f sport of preference.21"24 It has also been stated that ACL
injuries occur more commonly in match play than during training, occur at a younger age
in females, and are relatively consistent across all levels o f play.12,24 Anterior cruciate
ligament tears occur most commonly in young, physically active adults and are rarely
seen in the pre-pubescent population.25

2.4.0 Cost
A cost effectiveness analysis performed by Gottlob et al. (1999) in the USA examined
whether or not surgical reconstruction of the ACL was a cost-effective treatment for the
average person. The investigators analyzed six studies from the previous 15 years that
included a total of 670 patients having undergone patellar tendon autografts and included
an average follow-up of five years. They found that the average cost of operative
rehabilitation was $11 768, whereas the average cost o f non-operative rehabilitation was
$2 333. However, the investigators also reported consistently better outcomes for
patients who had undergone surgery and reported the average cost to patients to be $5
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857 per quality-adjusted life year. The results of this study suggest that reconstruction
using a patellar tendon autograft is a cost-effective treatment for ACL tears.26

A recent study performed in New Zealand stated that less than 3.9 percent of patients
with ACL tears opt for surgical reconstruction, and supported the findings of Gottlob et
al. (1999) in that the average cost of surgery and post-operative rehabilitation is
approximately $11 153.13
Additionally, it has been suggested that reconstructions using patellar tendon autografts
are less expensive for patients than reconstructions using hamstring autografts in
Sweden,

and that outpatient ACL reconstruction in the USA is significantly less

expensive for patients when compared to inpatient ACL reconstruction (P<0.001).28

The overall economical costs for ACL injuries in countries that have socialized medicine
can be inferred by the average cost of surgery and treatment as well as the average
number of people who incur ACL injuries per year. Given that ACL reconstructions are
common for young, active individuals, it can be concluded that there is a large cost to
national health care facilities associated with such injuries.
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2.5.0 Treatment
2.5.1 Conservative Treatment
The majority o f physically active individuals with ACL deficiency opt for surgical
reconstruction. However, there is evidence suggesting that some individuals may return
to pre-injury activity levels without surgery.

Fitzgerald et al. (2000) found that 22 of 28 conservatively-treated patients returned to
pre-injury activity levels two years after injury, and that patients who underwent
neuromuscular training (ex. perturbation, balance, and stability training) in addition to
normal rehabilitation had a significantly improved success rate in returning to high-level
activity. However, it is important to remember that the patient population selected for
conservative treatment in this study was specific in that they did not have additional
ligament injuries or repairable damage to the meniscus. In their conclusion, the authors
of this investigation stated that non-operative rehabilitation is an effective treatment for
patients who meet these criteria, and therefore should be encouraged in this patient
population.29

Ahn et al. (2010) agree that a patient’s associated injuries are a major factor in the
success o f a non-operative treatment program. They followed 48 patients with mid
substance tears (12 complete and 36 incomplete) with both Lachman Test and Pivot Shift
Test scores of less than or equal to Grade 1. The authors found acceptable improvements
in joint laxity, strength, endurance, and subjective measures, and concluded that
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conservative treatment is effective for the ACL-deficient population with mild
instability.10

While these results are encouraging, it is important to remember that conservative
treatment may only be effective for the very specific population that has mild instability
and no concomitant ligament or meniscal injuries. Also, there has not yet been enough
evidence to suggest that conservative treatment is effective in patients who wish to return
to professional or competitive sport.

2.5.2 Surgical Treatment
While ACL injuries in patients with mild instability may heal well without surgical
intervention, others with ACL deficiency require surgery to achieve full or appropriate
recovery.3 There is a variety o f surgical techniques and tissues used for graft repair.
Technique selection depends on various factors including a patient’s age, co-morbidities,
concomitant injuries, and other lifestyle considerations. The scope of this thesis does not
include an in-depth discussion of surgical techniques and therefore the following section
will consist of only basic descriptions of the most common procedures.

Bone-Patellar Tendon-Bone Autografts
The bone-patellar tendon-bone (BPTB) graft is the most common graft technique used in
n

modem ACL reconstruction, and it is unique in that it involves the use of bone plugs. A
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section of bone is removed from both the tibial tuberosity and the inferior edge of the
patella, while keeping the patellar tendon insertions intact. The graft is pulled through
the tibial tunnel and the intra-articular space, fixed to the femoral tunnel at one end, and
n

then pulled back through the tibial tunnel at the other end. The bone plugs at these
attachments heal to the inside of the osseous tunnels, and it has been proposed that this
bone-bone healing may in fact strengthen the graft.8 Tunnel placement is crucial in this
technique, and it has been suggested that since tunnel misplacement occurs more often in
smaller patients, this technique should be recommended only for patients with larger
musculoskeletal masses.9

There are several complications in addition to re-rupture that can result from this surgery
including infra-patellar contracture syndrome and patellar fracture. Patellar fracture is
the most common complication, occurring when saw cuts during bone plug harvesting
weaken the structural integrity o f the patella, therefore decreasing its ability to respond to
stress.6 This is a serious complication that can only be repaired surgically but it can be
avoided for most part during the original surgery if the surgeon is skilled and progresses
with appropriate caution.

Hamstring Tendon Autografts
Reconstruction involving a hamstring tendon autograft is usually performed using either
the semitendinosus tendon or the gracilis tendon, or a combination of the two.6
Hamstring tendons have the most similar characteristics to natural ACL tissue and some
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research has shown that these grafts undergo appreciable conformational changes in their
collagen structure that makes them respond to forces in a similar manner to the original
ACL tissue.7 Additionally, a combination of the semitendinosus and gracilis tendons has
been shown to have improved strength, stiffness, and ability to re-vascularize with
respect to other substances.9

This surgery has similar risks to other surgical operations such as graft harvest site
infection, though complications from this particular technique are rare.30

2.6.0 Measures
2.6.1 LEFS
The Lower Extremity Functional Scale (LEFS) is a functional status questionnaire
consisting of 20 questions regarding activities o f daily living, household tasks,
recreational pursuits, and sporting ability, on the day of assessment. Each question is
scored on a five-point scale including 0 “Extreme difficulty or unable to perform
activity,” 1 “quite a bit of difficulty,” 2 “moderate difficulty,” 3 “a little bit of difficulty,”
and 4 “no difficulty.” Item scores are summed to a total of 80 points, where higher
scores represent better overall functional ability.
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The LEFS was originally developed to fulfill the requirement of a measure that was easy
■3 1

to score and administer as well as widely applicable to patients in a clinical setting.
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Binkley et al. (1999) began the process o f the LEFS’ development by reviewing other
questionnaires as well as interviewing both physiotherapists and patients regarding the
functional limitations of several lower extremity conditions. After establishing an initial
draft, the developers administered this document to 57 physiotherapy patients with foot,
knee, ankle, and hip conditions. The group then analyzed the descriptive statistics, the
distribution, and the inter-item correlations within the document to determine which
items were most appropriate and relevant for the final draft. The developers removed
two items and re-worded one to arrive at the final document.

11

The LEFS was administered to 107 physiotherapy patients with lower extremity
musculoskeletal conditions in order to evaluate its measurement properties. Reliability
and internal consistency were found to be excellent, with no floor or ceiling effects
within the sample. The error on an individual score was found to be +/- 5.3 points and
the Minimally Detectable Change (MDC) and Minimal Clinically Important Difference
(MCID) were both found to be 9 points. Construct validity was evaluated based on
comparisons between the LEFS scores and scores on the SF-36’s physical function and
mental summary score sub-scales found during concurrent administration of these
documents. The LEFS showed excellent convergent validity with the physical function
sub-scale as well as excellent divergent validity with the mental summary score.
Furthermore, the LEFS showed a greater capacity to detect change in this sample than did
the SF-36. The authors concluded from this testing that the LEFS can be used to measure
function, progress, and outcomes in patients with a variety of acute and chronic
musculoskeletal conditions in the lower extremities. These findings were corroborated in
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a later study performed with 59 patients who had undergone total arthroplasty of the hip
or knee, suggesting that the LEFS is an applicable measure for this population as well.32

In 2002, Alcock et al. tested the LEFS in an athletic population to determine whether or
not the document would still be appropriate for a high-functioning group. They
administered the measure at the initial assessment and weekly for six weeks to 55 active
patients that had recently been diagnosed with an ankle sprain. Reliability was measured
over a stable week-long period and found to have an intra-class correlation coefficient
(ICC) value o f 0.87. Cross-sectional validity was maintained in this population and the
MDC90 was found to be 9 points. Interestingly, no floor or ceiling effects were found in
this population. Logically, there was a correlation between more recent sprains and
lower LEFS scores.

Thus it can be concluded that the LEFS is also an appropriate

functional measure for the young, high-functioning, athletic population.

In 2004, Stratford et al. compared the sensitivity to change of both the region-specific
LEFS and the condition-specific Western Ontario and McMaster University Arthritis
Index (WOMAC) in a population of 102 patients with lower extremity osteoarthritis.
They administered both measures along with accepted functional tests to 102 patients
pre-operatively, 16 days after surgery, and >20 days after the post-operative assessment.
Both measurement instruments were assessed with respect to their ability to detect
deterioration and improvement in patient status over the given time period. Contrary to
the hypothesis, they found that the WOMAC was not superior to the LEFS in detecting
change in functional status over time.34 Further investigation of these results found that
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the WOMAC was more highly correlated with pain than was the LEFS, which suggests
that the LEFS is a better measure of functional status independent of pain in this
population.

It can be seen from these studies that the LEFS is a reliable and valid measure for use in a
variety o f lower extremity injuries and in both chronic and acute conditions. Thus, the
LEFS is an effective and efficient tool for use in an orthopaedic physiotherapy clinic as
well as in associated research.

2.6.2 P4 Pain Questionnaire
The P4 Pain Questionnaire (P4) is a four-item pain intensity measure that reports pain for
patients with musculoskeletal injuries. The measure captures information regarding pain
intensity in the morning, afternoon, evening, and with activity over the past two days
before administration. The P4 contains a numeric rating scale from 0 “no pain,” to 10
“pain as bad as it can be,” and is summed for a total score out of 40, where higher scores
represent greater pain.35

Earlier work in the field of pain measurement suggested that the amount of error in pain
measures was much greater than the error seen in measures of functional status and that a
new multi-item numeric pain rating scale (NPRS) must be developed for clinical use.
Spadoni et al. (2003) pursued this task in their development of the P4 questionnaire.
They interviewed patients, physiotherapists, and academics, and determined that it was
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preferable to not include activity-specific questions as these could be affected by a
patient’s functional status and therefore change the underlying construct of the measure.
The authors then performed a factor analysis to assess content validity and found that the
current four items were most highly correlated with the underlying construct, while not
producing either floor or ceiling effects.

Spadoni et al. (2003) administered the measure to 106 patients with musculoskeletal
injuries, where internal consistency was measured using Cronbach’s alpha and found to
be 0.92. The SEM was reported to be 2.8 points with a Minimally Detectable Change at
the 90% confidence interval (MDC90) of 9 points, or 22% of the scale range. The authors
concluded that the P4 would be clinically useful as it is easy to score and its smaller
measurement error would make it more effective than other measures in reporting patient
pain. 35
•

Authors of the previous study continued to test the P4 by comparing it directly to two
single-item NPRS’s with respect to the measures’ abilities to assess change.

The three

measures as well as a retrospective rating of change were administered three times to a
sample o f 220 patients with musculoskeletal injuries. Test-retest reliability for the P4
was found to be excellent and the SEM was found to be 3.9 points (9.5% of the scale
range), which was significantly lower than the SEM’s for the other measures. The
MDC90 for the P4 was also significantly lower than the MDC90 values for the other
measures. The P4 also showed the greatest correlation with the retrospective rating of
change (0.61-0.63). The authors concluded that the P4 is more reliable and has greater
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longitudinal validity than the single-item NPRS’s, and that the smaller measurement error
makes it appropriate for small sample sizes.

The measurement characteristics of the P4 have recently been tested in patients with
osteoarthritis. The P4 was administered to a sample of 117 patients awaiting knee or hip
arthroplasty in order to determine internal consistency, construct validity, and the SEM of
this measure in this patient group.38 Internal consistency was found to be excellent and
the SEM was found to be 2.7 points, which corresponds to previous findings in other
populations. ’

The authors also compared P4 scores with scores on the pain and

physical function subscales of the WOMAC and found that the P4 showed acceptable
convergent and discriminant validities with these subscales, respectively. The authors
concluded that the P4 was an acceptable measure for assessing pain in the population of
patients with osteoarthritis.

The P4 is currently embraced by physiotherapists as a clinically-relevant measure that
addresses important diurnal variations in pain experienced by patients with a variety of
musculoskeletal complaints.39

2.6.3 ACL-QOL
The Quality of Life Assessment in Anterior Cruciate Ligament Deficiency, or “ACLQOL” document, is a disease-specific measure of quality o f life in patients with chronic
ACL deficiency. It was developed in 1998 and has since been tested thoroughly for
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reliability and responsiveness.40 The 32-item questionnaire is a patient-reported measure
in which questions are scored on ten-centimeter visual analogue scales with item-specific
anchors. Patients are instructed to put a slash on the line in the location that they believe
represents their level o f symptoms for each item. The items are organized into five
domains including “symptoms and physical complaints,” “work/school related concerns,”
“recreational activities and sport participation or competition,” “lifestyle,” and “social
and emotional.” These domains can be scored separately by normalizing all the values
from the section, or a total score can be calculated by averaging all of the items on the
document. A higher score represents a better quality of life.

The development of the ACL-QOL questionnaire included a review of existing measures
as well as interviews with patients, sport medicine physicians, athletic therapists and
orthopaedic surgeons.41 The initial list o f items generated in that process was
administered to 79 patients with chronic ACL deficiency who then ranked each item in
terms of its frequency and importance. The modified document was then submitted to a
group of patients who were interviewed for their input regarding further modifications.
The ACL-QOL document was then administered to a large group of patients in order to
test its reliability, responsiveness and validity.41

The reliability o f the ACL-QOL document was tested via administration and readministration after 2 weeks in a stable population of 25 patients with chronic ACL
deficiency. No significant difference was found between the test and re-test scores.41
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Responsiveness was evaluated over two visits separated by at least six months in a
sample population with meniscal tears, arthritis, or a combination of these two
conditions, as well as in patients with ACL injuries who were in either the pre-operative
or the post-operative time periods. The author concluded that the document is responsive
in all o f these patients, but that it is less responsive in the period immediately after
reconstructive surgery.41 This property remains to be tested further in the literature.

Validity was evaluated separately for each of its four components. Face validity was
ensured given the large amount of direct patient input as well as the incorporation of
surveys from professionals in the rehabilitation field. Content validity was assessed by
surveying a group of 20 orthopaedic surgeons about the final document. This survey
resulted in the removal o f two items that did not receive support from at least 80% of the
surgeons. To ensure construct validity, it was hypothesized that 1) the document should
cover the whole range of scores from 0-100, 2) that patients booked for surgery should
have scores below 50, and 3) that patients booked for surgery should have lower scores
than patients not requiring surgery. Analysis of scores from a group of 50 consecutive
patients upheld these hypotheses.41 This ability to differentiate between operative and
non-operative candidates has been promoted as a unique trait in recent literature
regarding the usefulness of the ACL-QOL measure.42

Two studies have directly compared the ACL-QOL document with other knee measures
with respect to their measurement properties. Tanner et al. (2007) administered several
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measures to a group of patients with reconstructed ACL’s in order to determine which
document measured issues with the highest frequency and importance to this population.
The ACL-QOL was compared to the Lysholm Knee Scale, the IKDC Knee Form, the
Cincinnati Knee Rating Scale, a visual analogue scale (VAS), the Knee injury and
Osteoarthritis Outcome Score (KOOS) and the Activity of Daily Living questionnaire
(ADL). The authors stated that the ACL-QOL was the best representation of a patient’s
perspective and therefore that it should be included in rehabilitation measures within this
population.43

The second study to directly relate the ACL-QOL with other measures was performed in
order to determine the correlation between three measures including the ACL-QOL, the
Lysholm Knee Scale and the Modified Cincinnati Knee Rating Scale in patients with
ACL tears. The authors found that the ACL-QOL document was strongly correlated with
the Lysholm Knee Scale and concluded that the ACL-QOL represents knee function
better than the other measures, though no clear explanation was given for this
conclusion.44

The ACL-QOL document has been used in a variety o f clinical investigations and a
common use of this document in orthopaedic practice has been in determining differences
in treatment effects between groups.45^7 This outcome assessment is an important
measure o f quality of life and patient perspective for patients undergoing rehabilitation
after an ACL injury, and thus it was included in this study.
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2.6.4 IKDC-SKEF
The International Knee Documentation Committee (IKDC) was formed in 1987 by the
joining of knee experts from both the American Orthopaedic Society for Sports Medicine
(AOSSM) and the European Society for Knee Surgery and Arthroscopy (ESKSA).48 The
goal o f this new committee was to publish a standardized assessment to measure patient
progress as well as the efficacies of different treatment options.49 The IKDC published
their original Knee Evaluation in 1993 with slight revisions the following year.50 In
1997, the AOSSM suggested that a subjective assessment be added to the Knee
Evaluation in order to include patient perspective in the measure.49 This form became the
IKDC-Subjective Knee Evaluation Form (IKDC-SKEF).

The IKDC-SKEF consists of 19 questions in ordinal response format and organized into
the three domains o f “symptoms,” “sports activities,” and “function.” Higher scores
represent fewer symptoms and greater function.42 The responses to 18 questions are
summed and divided by the maximum possible score for the number of items answered.49
This quotient is then multiplied by 100, as below:

IKDC Score =

Sum of Items
x 100
Maximum Possible Score

The final question concerns knee function prior to injury and is therefore not included in
this calculation.
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Members of the IKDC published an article regarding the development and validation of
this new document in 2001, stating that the IKDC-SKEF “was designed as an evaluative
measure to detect improvement or deterioration in symptoms, function, and sports
activity experienced by patients with a variety of knee conditions.”49 This group piloted
the IKDC-SKEF twice on populations with a variety of knee morbidities and completed
revisions to the document after each test. The final version was then tested in a sample
population of 533 individuals with various knee injuries. The results of this testing
suggested excellent internal consistency, excellent test-retest reliability, a low SEM
value, and a MCID of 9 points. Concomitant administration of the Short Form Health
Survey (SF-36) reported good correlations between the SKEF and both the physical and
social function domains of the SF-36, and there were no disparities in responses with
respect to subpopulations based on age, sex, or diagnosis.49

Irrgang and Anderson (2002) later published a generic version of their protocol as a set of
recommendations for the future development and validation of instruments designed to
measure health-related quality of life.51 This document alludes to the rigorous testing
undertaken by this group for the development of the IKDC-SKEF.

In 2006, Irrgang et al. published a study assessing the responsiveness of the IKDC-SKEF,
a term which they defined as how well the instrument reflected improvement and
deterioration with respect to changes in patient condition. Their protocol was
implemented in a sample of 207 patients with various knee problems who were evaluated
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at both baseline and at an average follow-up o f 19 months. Maximum sensitivity to
change and maximum specificity to change were determined as 11.5 points and 20.5
points, respectively. It was concluded that the IKDC-SKEF showed acceptable
responsiveness in that it was able to identify an improved patient from a randomlyselected pair of improved and non-improved patients significantly better than chance.52

To further increase the interpretability o f the IKDC-SKEF, a study was undertaken to
establish normative data from within the general public. The IKDC-SKEF was
administered via mail to a random sample o f people throughout the United States of
America. The sample of 5246 knees was stratified into four age categories as well as
three diagnosis categories consisting o f ‘previously-injured,’ ‘currently injured or seeking
treatment,’ and ‘non-injured.’ Analysis of the data showed a significant negative
correlation between age above 35 years and IKDC-SKEF score, and that the measure was
able to distinguish between groups to significance. No differences were found between
age and sex before the age o f 35, which prompted the authors to conclude that either the
measure was not sensitive enough to detect changes in a relatively high-functioning
population, or that there are few differences between sexes within this population.53

Additional normative data was collected in a similar study by obtaining scores from a
random sample of 146 pre-adolescent boys and girls in British Columbia, Canada.54

There has been some debate regarding the underlying construct of the IKDC-SKEF. It
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was originally suggested that a single construct and therefore a single total score were
appropriate for this outcome measure49 though later research found that both ‘symptoms
and knee articulation’ and ‘activity level’ could be considered as distinct underlying
constructs.55 The sample for this second study consisted of 1517 patients suffering from
osteoarthritis, ligament tears, or general knee pain. The results suggested that the first
three items should not be included on the IKDC-SKEF as they did not load appropriately
into either dimension; however, they found high association for all other items. This
study has been indirectly refuted in that several other studies have shown excellent
internal consistency o f the measure under one construct.49,56,57
The IKDC-SKEF has recently been shown to be as reliable and responsive as the
WOMAC, the Cincinnati Knee Rating Scale and the SF-36 for patients undergoing
articular cartilage surgery.58,59 This research confirms that the IKDC-SKEF is a suitable
measure for use in patients with a variety of knee injuries.

The IKDC-SKEF has also been used to evaluate factors that contribute to outcome
success,60,61 affect patient satisfaction,62 and determine a patient’s ability to return to pre
injury level.63 It has been translated into Italian,56 Dutch,57 Japanese, and Spanish,53 and
is currently used worldwide. This vast usage suggests that the IKDC-SKEF is an
important measure in knee evaluation and that additional research regarding its use would
be appreciated in the clinical community.
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2.7.0 ICF
The World Health Organization (WHO) originally introduced their International
Classification of Functioning, Disability and Health (ICF) in 2001, then modified the
document for re-release in 2002. The ICF is designed to provide a common language for
describing health and health states across the world. It is based on the biopsychosocial
model o f disability and is presented in the following schematic:

Health condition
(disorder or disease)
▲

Body Functions

Activity

Participation

A

& Structure

t

............sr ............
Environmental
Factors

______ i l______
Personal
Factors

Contextual factors

Reprinted- Permission pending from the WHO2

Figure 2.3. The components of the ICF model

The ICF is a classification system that allows clinicians and researchers to categorize
diseases and injuries according to the specific limitations observed in a patient. The ICF
consists of components (‘Body Functions and Structure,’ ‘Activity,’ and ‘Participation’)
and contextual factors (‘Environmental Factors,’ ‘Personal Factors’). The term ‘Body
Functions and Structue’ refers to physiological and psychological functions, as well as
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anatomical components of the body. The term ‘Impairments’ refers to problems that
occur with functions or structures that result in significant deviation or loss. ‘Activity’
refers to the execution of a task or action by an individual and ‘Participation’ is the
involvement of an individual in a life situation. The contextual factors consist of the
physical, social, and attitudinal environment in which people live and conduct their
lives.2

The classification system has many levels of detail and assigns specific numbers
(“modifiers”) for each level based on the patient. For example, an injury to the knee
receives the coding “s75011.” Each letter and number in this coding represents an
additional level within the categorization. Figure 2.4 displays these levels and their
representations.

FIGURE 2.4. An example coding and its explanation for a knee injury in ICF terminology.
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The ICF can be used at the individual level to evaluate a person’s abilities or treatment; at
the institutional level to evaluate health services rendered to patients, and at the social
level to establish eligibility criteria for programs or services. Additionally, the ICF is
useful in policy development, economic analyses, and research.64

Rastogi et al. (2007) published an example of how researchers can use the ICF to
compare outcome measures. They interviewed 31 patients regarding important concerns,
categorized these concerns into ICF components (based on component definitions) and
then evaluated the WOMAC, the KOOS, and the Oxford Knee Scales for their inclusion
of the identified factors.65 Thus, the ICF provides an internationally-recognized
framework that allows researchers to communicate and to compare findings, as well as to
evaluate current treatments and measures.

2.7.1 ICF in this Study
We used the ICF in order to assist in generating hypotheses regarding which time
intervals would capture the most information from each measure. We evaluated each
outcome measure for its composition of the ICF categories of “Body Functions and
Structure,” “Activities,” and “Participation,” then assigned a time interval in which we
hypothesized that that measure would report the most change. To do this, we first
assigned a component to each item within each measure. We then determined the
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proportion of questions from the measure that fell into each ICF component category.
Figures 2.5 to 2.14 illustrate the proportions of ICF components in each measure.

LEFS

■ Activities

FIGURE 2.5. Proportions o f ICF classifications in
the LEFS

FIGURE 2.6. Proportions o f ICF classifications in the
P4 Questionnaire

FIGURE 2.7. Proportions o f ICF classifications in the
lifestyle domain o f the ACL-QOL

Social/Emotional Domain
ACL-QOL

■ Activities

FIGURE 2.8. Proportions o f ICF classifications in the
Social and Emotional Domain of the ACL-QOL

Recreational Activities & Sport
ACL-QOL

■ Activities

FIGURE 2.9. Proportions o f ICF classifications in the
Recreational Activities and Sport Participation or Competition
Domain o f the ACL-QOL

Work/School Domain ACLQOL

FIGURE 2.10. Proportions o f ICF classifications in the
Work/School Related Domain o f the ACL-QOL

Symptoms Domain ACL-QOL

ü Body Functions and Structure

FIGURE 2.11. Proportions of ICF classifications in the
Symptoms Domain o f the ACL-QOL

Sports Activities Domain IKDCSKEF

100

■ Activities

FIGURE 2.12. Proportions of ICF classifications in the Sports
& Activities Domain o f the IKDC-SKEF

FIGURE 2.13. Proportions o f ICF classifications in the
Function Domain o f the IKDC-SKEF

Symptoms Domain IKDC-SKEF

FIGURE 2.14. Proportions o f ICF classifications in the
Symptoms Domain o f the IKDC-SKEF
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These proportions were then used to determine where the measures would capture the
most information during the rehabilitation timeline. We mapped the standardized
protocol from the Fowler Kennedy Sport Medicine Clinic (FKSMC) on the timeline by
the goals of rehabilitation within each time interval. For example, the main rehabilitation
goals of the first two weeks after surgery are to decrease pain, to decrease swelling, and
to increase range of motion. These goals correspond to “Activities” in terms of ICF
components, thus a measure that has greater proportions of this component would likely
i

capture more information during this time interval.
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2.8.0 Timeline of Study
A review performed by Shaw et al. (2004) recommended that longitudinal studies for
post-operative ACL recovery should include assessment within the early post-operative
period.66 However, this time frame has received little attention in the literature,
especially during the acute post-operative period between zero and twenty-four weeks
after surgery. Some studies include follow-up assessments at two weeks after surgery,
but the majority of studies focus on long-term outcome measurements of two years or
greater. Figure 2.15 provides a schematic o f the rehabilitation continuum for patients
after ACL injury.

FIGURE 2.15. The rehabilitation continuum

The acute post-operative period is an important period for measurement because it is the
time frame in which patients are seeing a therapist regularly. It is during this time that
the therapist can alter rehabilitative management to suit the individual treatment needs of
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each patient, provided that they receive proper feedback about patient progress. Thus, it
is important that therapists and clinicians have accurate and sensitive measurement tools
that can be administered during relevant stages within this time period.

It has been shown that patients are able to give an accurate account of their quality of life
and functional status on the day that they undergo surgery.67 Thus, measurements of
these aspects of recovery can and should begin in the early stages of the acute post
operative period to ensure timely and appropriate feedback to physiotherapists.
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CHAPTER 3: METHODS
3.1.0 Patients
We recruited patients consecutively at admission to the physiotherapy department at the
Fowler-Kennedy Sport Medicine Clinic (FKSMC) in London, Ontario. Patients were
eligible for study participation if they had a unilateral, primary ACL reconstruction
performed by a surgeon from the FKSMC, were enrolled in physiotherapy at the
University of Western Ontario’s FKSMC location, and spoke, read and understood the
English language. Patients with a concomitant meniscal injury were evaluated on a caseby-case basis and were eligible for participation provided that the rehabilitation program
was not influenced by the meniscal findings and related procedures, such that all included
patients followed a similar ACL rehabilitation protocol. We included patients in the age
range o f 15-65 years but these values were chosen arbitrarily, as we felt that the surgery
itself was selective for a healthy, active population. We did not include patients who had
undergone an Epiphyseal Sparing (Paediatric) ACL reconstruction.

3.1.1 Setting
This study took place at the FKSMC located on the campus o f the University o f Western
Ontario in London, Ontario, Canada. Ethical approval for this study was granted by the
Health Sciences Research Ethics Board at the University of Western Ontario.
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3.1.2 Design
This study was a prospective observational study. Each patient provided informed
consent to the primary author and completed the Lower Extremity Functional Scale
(LEFS), P4 Pain Questionnaire (P4), Quality o f Life Outcome Measure for Chronic
Anterior Cruciate Ligament Deficiency (ACL-QOL) and the International Knee
Documentation Committee’s Subjective Knee Evaluation Form (IKDC-SKEF) at the
initial post-operative physiotherapy assessment, which occurred within the first two
weeks following ACL reconstruction. Patients attended regularly-scheduled
physiotherapy appointments as per standard physiotherapy practice. All o f the
questionnaires were completed within the following post-operative time intervals: 6-9
weeks, 16-20 weeks, and 20-24 weeks. Patients entered their data directly using a webbased electronic data capture system in the physiotherapy clinic.

The study design is summarized in Figure 3.1.
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Number of Weeks After Surgery
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•Obtain consent
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•IKDC-SKEF

FIGURE 3.1. Schematic diagram o f study design.

•LEFS
•P4
•ACL-QOL
•IKDC-SKEF

•LEFS
•P4
•ACL-QOL
•IKDC-SKEF

ACLR is anterior cruciate ligament reconstruction;

LEFS is the Lower Extremity Functional Scale, P4 is the P4 Pain Questionnaire, ACL-QOL is the Quality
o f Life Assessment in Anterior Cruciate Ligament Deficiency document, IKDC-SKEF is the International
Knee Documentation Committee’s Subjective Knee Evaluation Form.
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3.1.3 Outcome Measures
LEFS
The LEFS is a patient-reported, region-specific measure of functional status that consists
of 20 questions regarding activities of daily living, household tasks, recreational pursuits,
and sporting ability on the day o f assessment. Each question is scored on a 5-point scale
anchored by 0 “Extreme difficulty or unable to perform activity,” and 4 “No difficulty.”
The sum of the individual items is calculated out of 80 points, where higher scores
represent better functional ability.

The LEFS was developed by Binkley et al. (1999) for use in a varied orthopaedic
physiotherapy clinic and has been tested in a variety o f patient populations with lower
extremity complaints, including the post-operative ACL population.1"7 Binkley et al.
(1999) reported a low error for individual scores as well as a Minimally Detectable
Change (MDC) and a Minimal Clinically Important Difference (MCID) of 9 points.1
Further testing o f the LEFS in a clinical setting has shown excellent reliability and
internal consistency.1,2,4 The LEFS has also been shown to have excellent convergent
and divergent validity with respect to appropriate measures.1,5

P4
The P4 is a patient-reported, symptom-specific measure of pain. It consists of four items
scored on a numerical scale from 0-10 where 0 is “no pain,” and 10 is “pain as bad as it
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can be.” The document is totalled out of a score of 40 where lower scores represent less
pain.
The P4 was developed in 2003 for describing pain experienced by patients with a variety
of musculoskeletal injuries.8 Several investigations with the P4 have reported excellent
internal consistency and low standard error of measurement (SEM),8'10 excellent
reliability,9,11 and appropriate sensitivity to change with a MDC reported as 9.1 scale
points.8’9 The P4 has also shown acceptable convergent and divergent validities with
respective subscales o f the Western Ontario and McMaster Universities Arthritis Index
(WOMAC).10

ACL-QOL
The ACL-QOL is a patient-reported, condition-specific measure consisting of 32
questions scored on 100mm visual analog scales (VAS). The anchors are specific to each
item and the document can be scored either by normalizing the averages of each question
within a domain for a score out of 100, or by an average of all the items to produce a total
overall score out of 100. Higher scores on this document represent a better quality o f life.
The domains o f the ACL-QOL are “symptoms and physical complaints,” “work/school
related concerns,” “recreational activities and sport participation or competition,”
“lifestyle,” and “social and emotional.”
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The ACL-QOL document was shown during its development to have excellent validity
and test-re-test reliability, as well as appropriate responsiveness for its target
population.12 This document has also been shown to be a good representation of both
patient perspective13 and knee function14 in patients with ACL-deficiency.

IKDC-SKEF
The IKDC-SKEF is a patient-reported, knee-specific measure regarding subjective
complaints about the knee including swelling, pain, sensations of locking, etc. There are
three sections within the document including, “symptoms,” “sports activities,” and
“function.” There are 19 items scored on a variety of ranges. Eighteen of these items are
summed and divided by the maximum possible score, then multiplied by 100% to get a
percentage of the total score. Higher scores represent fewer subjective complaints.

The original testing of the IKDC-SKEF showed that the document has excellent internal
consistency and test-re-test reliability, a low SEM, good convergent validity with
appropriate subscales of the Short Form (36) Health Survey (SF-36), and a MCID of 9
points.15 The IKDC-SKEF has also been shown to have acceptable responsiveness for a
variety of knee conditions16 and has superior interpretability due to its published
normative data.17,18
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3.1.4 Hypothesis Generation
Experienced clinicians develop a clinical sense o f the important changes that occur
throughout patient rehabilitation. Thus, we have broken the acute post-operative time
period into smaller time frames based on expert clinical opinions regarding the timing of
important functional changes. This allows us to investigate which measurement tools are
the most sensitive in different time frames within this period. A schematic of the acute
post-operative time period and its subsections is presented in Figure 3.2.

Time Periods of Clinical Change
0-2

6-9

16-20

21-24

FIGURE 3.2. Time periods of clinical change during the acute post-operative period.

We (LW and GA) generated hypotheses describing our expectations of how each
questionnaire should change over this time continuum based on the content of the items
within the questionnaire and our knowledge of the early recovery stages following ACL

54
reconstruction. Specifically, we independently assigned each item from each
questionnaire into one of the three main components from the World Health
Organization’s (WHO’s) International Classification of Functioning, Health, and
Disability (ICF). These components are ‘Body Functions and Structures,’ ‘Activities,’
and ‘Participation.’19 We evaluated the consistency of our ratings and came to a
consensus for any discrepancies. We then assigned each questionnaire a specific
classification based on the greatest proportion of items within each ICF component. For
example, a questionnaire with the majority of its items within the ‘Body Functions and
Structures’ component would be considered to be measuring aspects of health related to
body functions and structures. The number of items in each component for each measure
is presented in Table 3.1.
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TABLE 3.1. ICF components of items within outcome measures
Outcome Measure

Number of Items in Each ICF Classification
Body Function

Activities

Participation

20

P4

4

ACL-QOL

5

Number of
Items

& Structure
LEFS

Total

20
4

22

5

32

(A ll)

ACL-QOL

5

5

S ym p tom s

ACL-QOL

2

2

4

W o rk /S ch o o l

ACL-QOL

12

12

R ecrea tio n /S p o rt

ACL-QOL

3

3

6

L ifesty le

ACL-QOL

5

5

4

15

19

4

3

7

10

10

2

2

S o cia l & E m otion al

IKDC-SKEF
(A ll)

IKDC-SKEF
S ym p tom s

IKDC-SKEF
S p o rt/A ctiv ity

IKDC-SKEF
F u n ction
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Both the ACL-QOL and the IKDC-SKEF contain items within a variety of ICF
classifications. We assumed that items in separate domains within these measures would
show greater change in different time intervals. Thus, we separated these measures into
their component parts for both hypothesis generation and data analysis.

Next, we scrutinized the standardized rehabilitation protocol to determine the treatment
objectives for rehabilitation within that time interval and assigned each time interval ICF
categories. For example, in the 16-20 weeks interval, the goals for rehabilitation are
sport-specific strengthening and plyometrics, which correspond to the ICF categories of
Activities and Participation. Thus, a measure that contains a large proportion of its items
in the Activities and Participation categories, such as the LEFS, would be expected to
show more change than other questionnaires during this time interval.

Finally, we mapped the rehabilitation objectives on a timeline from post-operative day
zero to twenty-four weeks. We then hypothesised when each measure would show
change given the match between the items and the rehabilitation objectives. Our
hypotheses are presented in Table 3.2.
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TABLE 3.2. Hypotheses of change in outcome measures based on goals of rehabilitation
and ICF components

Number of Weeks After Surgen
n m
J
0-2

Main Goals o f
Rehabilitation
Program

Corresponding ICF
C lassifications) o f
Goals

Outcome Measures
Expected to Show
die Most Change

6-9

16-20

20-24

•P atient education
•D ecrease pain
•D ecrease sw elling
•Increase ROM
•R estore fe ll extension
•Q uadriceps activation
•Proprioception

•F ull ROM
•Functional Q uadriceps
Strength
•Increase strength o f
low er extrem ity m uscle
groups
•Proprioception

•S poit-specific low er
extrem ity strengthening
andplyom etrics
•Proprioception
•Sport-specific
cardiovascular training

•R etum -to-sport practice
and preparation fo rretu m to-play

•B ody F unctions and
Structure
•A ctivities

•B ody Functions and
Structure
•A ctivities

•Participation
•A ctivities

•Participation

•P4
■Symptoms and Physical
C om plaints (ACL-QOL)
•W ork/School-R elated
C oncerns (ACL-QOL)
•L ifestyle D om ain
(A C L Q O L )
•LEFS
•Sym ptom s Dom ain
(LKDC-SKEF)
•Social/E m otional
D om ain (A C L Q O L )
•R ecreational A ctivities
D om ain (A C L Q O L )

•P4
•Sym ptom s and Physical
C om plaints (A C L Q O L )
•W ork/School-R elated
C oncerns (A C L Q O L )
•L ifestyle Dom ain (A CL
QOL)
•LEFS
•Sym ptom s D om ain
(1KDC-SKEF)

•LEFS (earfy in th is
stage)
•L ifestyle Dom ain
(A C L Q O L )
•Social/E m otional
D om ain (A C L Q O L )
•R ecreational A ctivities
D om ain (A C L Q O L)
•W ork/School-R elated
C oncerns (A C L Q O L)
•Sym ptom s Domain
(K D C -SK E F)
•Sports/A ctivities
D om ain (IKDC-SKEF)

•W ork/School-R elated
C oncerns (A C L Q O L )
•L ifestyle D om ain (ACL
QOL)

Additionally, we were able to make specific hypotheses with respect to the direction and
magnitude of change for the LEFS. Based on clinical experience, we hypothesized that
the mean change in LEFS score would increase and demonstrate important change at
each two-week time interval from week zero to week eight. That is, the mean change in
LEFS score at weeks two, four, six, and eight would all demonstrate clinical change from
the previous two-week interval. Important change was defined as a change in LEFS
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score greater than the minimal clinically important difference (MCID) for this document,
which has been previously reported to be 9 LEFS points.1,2

3.1.5 Data Analysis
Patient Characteristics

We collected information from patients regarding their age, sex, side of injury, activity
when injury occurred, and type of graft used for repair.

Standardized Response Means

We used standardized response means (SRMs) to quantify the measures’ abilities to
assess change. SRMs are without units and are therefore useful for comparing measures
scored on different metrics. The SRM is calculated as the mean change for a declared
interval divided by the standard deviation of the change scores for the specified interval.
Approximate 95% confidence intervals

for each SRM are as follows:

95% Q = SRM ± 1.96
where ‘n’ equals the number of patients contributing data to that SRM calculation.

Because the data collection allowed for multiple observations to be calculated within
each interval, and only two measurements are necessary to calculate an SRM for a
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measure, we randomly selected one value for the initial and one value for the follow-up
measurements to be used in each SRM calculation. Figure 3.3 is a schematic o f the
timeline with respect to SRM calculations. We used PSAW Statistics (version 18)
software to calculate the mean differences and the standard deviations for all calculations.

Figure 3.3. Timeline breakdown showing the calculation of SRMs. ACLR is anterior
cruciate ligament reconstruction; SRM is standardized response mean.
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Regression

We used PS AW Statistics (version 18) software to create scatter plots of each measure’s
scores over the first 200 days after surgery. We then used the locally-weighted scatter
plot smoothing (LOESS) function to fit a line to each plot. This technique uses localized
subsets o f the data in a point-by-point model to determine the line of best fit. We used
the software’s default value of 50 for the smoothing parameter.

We utilized the same local regression plot to address our hypothesis regarding important
change in LEFS scores over the first eight weeks after surgery. We changed the x-axis
parameters to show only the first 56 days after surgery and added x-axis grid lines at each
two-week interval. We then added y-axis grid lines where the x-axis grid lines
intersected the regression curve. These values of the dependent variable approximate the
mean LEFS score at that time after surgery. We calculated differences in scores so that a
positive value would represent an improvement over the two-week period.
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CHAPTER 4: RESULTS
4.1.0 Sample Characteristics
Forty-four subjects including 22 males and 22 females provided informed, written
consent to participate in this study. The average age of participants ranged from 15 to 58
years (M = 27.4, SD = 12.3). Table 4.1 displays patient characteristics.

TABLE 4.1. Patient characteristics
Characteristic___________________________________________________n
Side of injury
Left
22
Activity when injury occurred
Mixed martial arts
Soccer
Baseball
Rugby
Snowboarding
Football
Skiing
Fall
Motocross
Basketball
Hockey

1
22
1
7
2
3
2
2
1
2
1

Type of ACL graft
Hamstring autograft
Tibialis posterior autograft
Peroneus allograft

41
2
1

(%
50

2
50
2
16
5
6
5
5
2
5
2

mm
93
5
2

n is the number o f patients in the study with that characteristic.

Nineteen patients were not available for all follow-ups; three patients moved to different
cities, five patients switched clinics, and 11 patients were inconsistent with scheduling
and did not attend an appointment in at least one data collection interval. In addition, we
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excluded three patients as they had undergone an epiphyseal sparing surgery, and
therefore did not meet our eligibility criteria (Fig. 4.1).

A ssessed CarE lig ib ility

&=«)

Exdnded from Study (n“ 4)

Participated in Study
fr= 44)

A
Did not Complete Measures at AH
Tune Points(p =34)

Coopkled Measures at
Alltnne Points
0i=iO)

IM to fflo A sd ly
...........................L

3

Analyzed in Study
0.=44)

Figure 4.1. Flow of patients through this study

fi=3)
^ =2i)
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4.2.0 Standardized Response Means
The number of subjects contributing data to the SRM calculations differs between
measures and time intervals because some patients did not have data for all time points
(Tables 4.2 to 4.4).

TABLE 4.2. Differences in scores between 6-9 weeks and 0-2 weeks
Measure

n

MD

SD

SRM

Approx.
95%CI
Lower
Bound

Approx.
95%CI
Upper
Bound

LEFS

27

29.89

11.50

2.60

2.22

2.98

P4

27

14.41

8.55

1.69

1.31

2.06

27

19.59

28.91

0.30

1.05

16.26
6.72

31.54

0.13

0.90

Recreation

26
24

0.68
0.52
0.31

27

12.60

0.46

-0.09
0.08

0.71

Lifestyle

21.84
27.54

Social/Emotional

27

2.58

0.12

-0.25

0.50

Total

23

12.07

20.89
18.41

0.66

0.25

1.06

27

20.04

0.31

0.68

25.88

0.90

-0.07
0.52

29.26

0.49

0.12

1.28
0.87

17.37

0.85

0.47

1.24

ACLQOL
Symptoms
Work

0.83

IKDC
Symptoms
Sport
Function

27

6.15
23.28
14.44

Total

26

14.82

26

n is the number o f patients contributing data to the calculation; MD is the mean difference in scores, SD is the
standard deviation associated with the difference scores, SRM is standardized response means, C l is confidence
interval, Approx is approximate.
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TABLE 4.3. Differences in scores between 16-20 weeks and 6-9 weeks
Measure

n

MD

SD

SRM

LEFS

17

15.82

11.37

1.39

Approx.
95%CI
Lower
Bound
0.92

P4

17

2.12

8.70

0.24

-0.23

0.72

0.67

0.18

1.16

16

Work

15

30.27

28.79

1.05

0.55

1.56

Recreation

13

25.92

26.47

0.98

0.44

1.52

Lifestyle

17

25.21

21.81

1.16

0.68

1.63

Social/Emotional

17

19.65

23.82

0.82

0.35

1.30

Total
IKd c

13

22.69

13.44

1.69

1.14

2.23

Symptoms

17

opuri

10

90 99

21.53
I1OR. 70
/7

-0.09
11.vO
OR

-0.57
nU .J 7

0.38
^7/
J1. »3

Function

17

35.29

30.44

1.16

0.68

1.63

Total

16

12.30

15.91

0.77

0.28

1.26

VO

Symptoms

l lf l l l l i i l
19.64
29.34

1»
»—
00

ACLQOL

Approx.
95%CI
Upper
Bound
1.87

n is the number o f patients contributing data to the calculation; MD is the mean difference in scores, SD is the
standard deviation associated with the difference scores, SRM is standardized response means, Cl is confidence
interval, Approx is approximate.
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TABLE 4.4. Differences in scores between 21-24 weeks and 16-20 weeks
Measure

n

MD

SD

SRM

LEFS

12

2.58

6.78

0.38

Approx.
95% Cl
Lower
Bound
-0.19

P4

12

1.17

3.30

0.35

-0.21

0.92

Symptoms

12 -0.28

9.90

-0.03

-0.59

0.54

Work

12 -0.29

22.32

-0.01

-0.58

0.55

Recreation

12 -4.80

24.24

-0.20

-0.76

0.37

Lifestyle

12

0.03

18.29

0.00

-0.56

0.57

Social/Emotional

12 -4.06

19.29

-0.21

-0.78

0.36

Total

12 -1.99

14.18

-0.14

-0.71

0.43

Symptoms

13

9.43

20.67

0.46

-0.09

1.00

Sport

13

5.59

17.56

0.32

-0.23

0.86

Function

13 -3.84

29.59

-0.13

-0.67

0.41

Total

13

13.62

0.47

-0.07

1.01

Approx.
95% Cl
Upper
Bound
0.95

ACLQOL

IKDC

6.40

n is the number o f patients contributing data to the calculation; MD is the mean difference in scores, SD is the
standard deviation associated with the difference scores, SRM is standardized response means, Cl is confidence
interval, Approx is approximate.
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Between 6-9 weeks and 0-2 weeks (Table 4.2) both the LEFS and the P4 showed more
standardized change than any other measure in that time interval.

The SRM values between 16-20 weeks and 6-9 weeks (Table 4.3) indicate that the point
estimate for the ACL-QOL Total shows the greatest amount of standardized change.
However, the confidence interval surrounding this SRM overlaps with the confidence
intervals of ten other measures. This overlap suggests that the SRMs for all of those
measures are not different.

The only measures with confidence intervals that do not transect that of the ACL-QOL
Total are the P4 and the IKDC Symptoms Domain. Both the P4 and the Symptoms
Domain of the IKDC appear to show less standardized change than the other measures,
though they cannot be considered different from the change reported by the Symptoms
Domain o f the ACL-QOL, due to overlapping confidence intervals.

The confidence intervals for every measure in the 21-24 weeks and 16-20 weeks interval
(Table 4.4) contain zero, therefore none of the SRM values for measures in this interval
are considered to be different from zero.
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4.3.0 Regression
Figure 4.2 shows the LEFS scores over the first eight weeks after surgery. We
determined the values for the average LEFS scores corresponding to each two-week time
interval. We found true change, as defined by change greater than the MCID value of
nine points, in the comparisons o f weeks four and two, and weeks six and four (Table
4.5). The difference seen between weeks eight and six approached true change but did
not reach nine scale points.

LEFS
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FIGURE 4.2. LOESS plot for LEFS scores during the first fifty-six days (eight weeks) after surgery.
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TABLE 4.5. Change in Mean LEFS Scores in the first eight weeks after surgery
Number of Days
(Weeks) After
Surgery

Mean LEFS Score at
that Time After
Surgery

Difference Between
Scores

14(2)

21

14

28(4)

35

11

42(6)

46
‘

56 (8)

54
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Figure 4.3 shows the change in LEFS score over the first two-hundred days after surgery.
This plot shows a rapid increase in scores over the first 60 days (approximately eight
weeks) followed by a more gradual increase.

FIGURE 4 3 . LOESS plot for the LEFS scores during the first two-hundred days (twenty-eight
w eeks) after surgery.
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Scores on the P4 measure decreased rapidly in the first eight weeks after surgery (Fig.
4.4). These scores then appeared to become asymptotic to a score of around one point for
the remainder of the time period.

FIGURE 4.4. LOESS plot for the P4 scores during the first two-hundred days (twenty-eight
w eeks) after surgery.
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The Symptoms Domain o f the ACL-QOL (Figure 4.5) showed a relatively large increase
in the first 60 days, followed by a gradual increase in scores until about 180 days after
surgery.

FIGURE 4.5. LOESS plot for the ACL-QOL Symptoms Domain (ASymp) scores during the first twohundred days (twenty-eight weeks) after surgery.
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The Work Domain o f the ACL-QOL (Figure 4.6) has a large variability in scores
throughout the entire time period. The greatest change appears to be recorded from about
40 to 70 days after surgery (corresponding to weeks five through ten). From about 100
days after surgery onwards, the average score appears to plateau.

FIGURE 4.6. LOESS plot for the ACL-QOL Work Domain (AWork) scores during the first two-hundred
days (twenty-eight weeks) after surgery.
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The Recreation Domain of the ACL-QOL (Figure 4.7) shows a slow, steady increase
throughout the early post-operative period. However, the average score did not seem to

ARec

increase much beyond 40 points.

FIGURE 4.7. LOESS plot for the ACL-QOL Recreation Domain (ARec) scores during the first
two-hundred days (twenty-eight weeks) after surgery.

78
The Lifestyle Domain o f the ACL-QOL (Figure 4.8) shows an almost linear increase
from zero to 180 days after surgery and a large variability in scores throughout.

FIGURE 4.8. LOESS plot for the ACL-QOL Lifestyle Domain (ALife) scores during the first twohundred days (twenty-eight weeks) after surgery.
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The Social and Emotional Domain o f the ACL-QOL (Figure 4.9) has a large variability
in scores throughout the early post-operative period, and shows only a small increase in
scores over this time frame.

FIGURE 4.9. LOESS plot for the ACL-QOL Social & Emotional Domain (ASoc) scores during the
first two-hundred days (twenty-eight weeks) after surgery.
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The Total score for the ACL-QOL document (Figure 4.10) has an almost linear increase
from about 20 days after surgery until the end of the data collection period. However, the
average score does not appear to exceed 60 points even by the end of this time frame.

FIGURE 4.10. LOESS plot for the ACL-QOL Total scores (ATotal) during the first two-hundred days
(twenty-eight w eeks) after surgery.
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The Symptoms Domain o f the IKDC-SKEF (Figure 4.11) shows very little change over
the entire time period, and has a fairly large variability in individual scores.

FIGURE 4.11. LOESS plot for the IKDC Symptoms Domain (ISymp) scores during the first twohundred days (twenty-eight weeks) after surgery.
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The Sport Domain of the IKDC-SKEF (Figure 4.12) shows a relatively rapid increase in
scores from zero to 70 days (nine weeks) after surgery, followed by a more gradual
increase after 110 days (about 16 to 24 weeks).

FIGURE 4.12. LOESS plot for the IKDC Sports Domain (ISport) scores during the first two-hundred
days (twenty-eight weeks) after surgery.
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The Function Domain o f the IKDC-SKEF (Figure 4.13) shows a fairly linear increase
over the whole time period. This measure shows a large variability in scores over the

IFunct

entire 200 days.

FIGURE 4.13. LOESS plot for the IKDC Function Domain (IFunct) scores during the first twohundred days (twenty-eight weeks) after surgery.
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The Total score of the IKDC-SKEF document (Figure 4.14) shows a relatively large
increase from zero to 170 days (24 weeks) after surgery. The greatest amount of change
appears to be occurring in the first 70 days (ten weeks) after surgery.

FIGURE 4.14. LOESS plot for the IKDC Total (ITotal) scores during the first two-hundred days
(twenty-eight w eeks) after surgery.
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CHAPTER 5: DISCUSSION & CONCLUSION

DISCUSSION

Currently, there is no consensus on the selection or timing of questionnaire use following
ACL surgery. This lack of standardization decreases the ability of clinicians and
researchers to generalize or to compare results.1,2 Some authors have suggested using
several measures to report outcomes, including both generic and disease-specific
instruments, to capture a more complete picture of recovery.1 However, time constraints
in a clinical setting require efficient gathering o f patient information, and do not allow for
the administration o f several questionnaires. The purposes of our study were 1) to
describe changes in pain, function, and quality of life in patients after ACL reconstruction
over the first six months following surgery, and 2) to propose optimal sequencing of
questionnaires to capture relevant information in an efficient manner during this time
frame.

5.1.0 Standardized Response Means
We hypothesized that symptom-related and function-related measures/domains would
show the most change between 6-9 weeks and 0-2 weeks. In this we were partially
correct, as the LEFS and the P4 had the highest SRMs in this interval. Both measures
were the only measures whose point estimates of average change were greater than the
variability in their scores. Unfortunately, we saw relatively small SRM values for the
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other measures during this time frame. Some of these other measures reported mean
change of greater than ten scale points; however, we expect that the large deviations in
scores were responsible for the lower SRM values for these measures.

Between 16-20 weeks and 6-9 weeks we expected to see the greatest change in the
activity-related and the participation-related measures/domains. However, the
overlapping confidence intervals make it difficult to draw any meaningful conclusions
from the SRMs in this time frame. In other words, for the measures with confidence
intervals that overlap, we cannot consider their SRM point estimates to be different from
one another. The confidence interval for the Symptoms Domain o f the IKDC-SKEF
overlapped with only four measures, whereas the confidence intervals for all other
measures overlapped with at least nine others.

Finally, we expected that the participation-related measures/domains would report the
greatest change in the interval between 21-24 weeks and 16-20 weeks. This hypothesis is
logical, given that patients are returning to higher levels o f activity at this time and
measures reflecting their participation in sport and social involvement should be
reflecting this improvement. However, the confidence intervals for every SRM in this
interval contain zero, and thus none of the SRM values can be considered to be different
from zero. Therefore, we are not able to determine which measures report the greatest
change in this interval.
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It is difficult to discuss how our findings relate to those of previous work, as there is a
considerable lack of information regarding SRMs for the measures used within this study.
Irrgang et al. (2006) reported a value of 0.94 for the SRM of the IKDC-SKEF. However,
their investigation included only 22 post-operative ACL patients in a sample of 207
patients (11%), and had a follow-up of 19 months, which likely contributed to their
findings differing from ours.3

We caution that the SRM results from this study may have little interpretive value. The
large volume o f items on the larger questionnaires throws into sharp contrast the small
sample size of this study. We are confident that larger sample sizes will produce similar
results for the LEFS and P4 in the early time period, but the results for the other measures
may change with a larger data set.

5.2.0 Regression
LEFS
The change profile for the LEFS document shows a rapid improvement over the first
eight to ten weeks (60-70 days) following surgery, followed by a slower rate of
improvement for the remainder of the time period. We found true change at each twoweek interval in the first six weeks.
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Robbins et al. (2011) published a case report in which the greatest change in LEFS scores
(and true change) occurred between the first week and the fourth week following
surgery.4 These results differ from ours in that the greatest change in LEFS score was
observed much earlier in the work by Robbins et al. (2011). Flowever, Robbins et al.
(2011) evaluated only one patient within this time period, whereas our study included
forty-four patients. A larger sample size will provide a more valid and precise estimate
of the average score for a population. To our knowledge, this is the only published study
to describe changes in LEFS score in the early time period after ACL reconstruction.

Kennedy et al. (2008) utilized the LEFS to develop a model of change in functional status
for patients having undergone TKA and THA. They found a rapid improvement in LEFS
scores within the first 12 weeks following surgery, followed by a slower rate of
improvement until about 26 weeks, and a plateau effect 30 weeks after surgery.5
Although we expected to make similar observations in our study, we expected that the
greater limitations in activities immediately following TKA and THA may alter the curve
slightly from what we would expect to observe in our population. Specifically, we would
expect to see a greater rate of change in the first six weeks after surgery in the ACL
reconstructed population as compared to the TKA and THA populations, since the
restrictions on activity for the latter groups would be reflected in lower LEFS scores
during this period. Nonetheless, the results reported by Kennedy et al. (2008) agree with
our findings and lend support to the use of the LEFS in the early post-operative period.

The LEFS’ ability to report change throughout the entire early post-operative period is
likely due to the broad spectrum of difficulty within the items on this measure. That is,
the LEFS has questions regarding simple tasks as well as more difficult tasks. We
believe that this broad range of abilities addressed on the measure allows it to capture
change in the early stages after surgery (via the simple tasks) and to continue to capture
changes in functional status in the later stages of rehabilitation (via the questions
regarding tasks that are more difficult to perform).

Pain and function are two distinct entities that require measurement in the early post
operative period by both clinicians and researchers. It is important that measures that
collect information on function are somewhat independent from those that collect
information on pain, in order to facilitate interpretation of those outcomes. Kennedy et
al. (2006) suggested that the LEFS was less influenced by patients’ pain than the
WOMAC physical function subscale, and that the LEFS provided information on
functional status relatively independently of pain. Therefore, researchers and clinicians
can be confident that the LEFS scores are reflecting a patient’s functional abilities and
not any other underlying construct.

P4
As hypothesized, the observed change for the P4 rapidly decreased in the early stages of
our follow-up. The average P4 score appears to report true change (change greater than
the MDC90 value of 9.1 scale points)6 in the first eight weeks (about 56 days) after
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surgery. Brewer et al. (2007) found similar results in a sample of patients having
undergone ACL reconstruction. They reported a curvilinear decrease in average daily
pain over the first 42 days after surgery.7 However, the study did not capture information
beyond the sixth week after surgery, and it used a 10-point Likert scale with only one
question. We believe our results to be more reliable given that previous work has shown
the P4’s superior ability to capture pain information than a one-question scale.6 To our
knowledge, this is the only other published study to report changes in pain in the ACLreconstructed population within the early post-operative period.

Previous work has investigated changes in pain after surgery in a population of patients
who had undergone total knee arthroplasty (TKA) or total hip arthroplasty (THA).
Kennedy et al. (2006) reported little or no decrease in pain scores in the early weeks after
surgery in a group of 73 patients following TKA or THA.8 The small change reported by
Kennedy et al. (2006) is very different from the steep reduction in P4 pain scores that we
observed during the same time frame. There are two major factors that may contribute to
this difference. Firstly, the type of surgery differs in that the TKA and THA group
experience a more invasive procedure than the ACL reconstruction group, which may
result in a longer duration of post-operative symptoms. Secondly, the patient population
undergoing knee or hip arthroplasty is generally comprised of older individuals; whereas
the group undergoing ACL reconstruction is generally younger, healthier, and likely
better able to tolerate surgery and the post-operative recovery.
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Additional work in the TKA and THA population has suggested that pain is often
strongly associated with self-reported measures of physical function, and that these
properties should be measured independently from one another to minimize confounding
the results.8 It is logical to assume that the same can be said for the population having
undergone ACL reconstruction. However, Stratford et al. (2009) addressed this concern
with the P4 Pain questionnaire by suggesting that it is a pain scale that is not activitycentered, and thus it should report pain relatively independently of functional status.9

Given the relatively large variability that we observed in P4 scores after about 16 weeks
(110 days), it would be difficult to suggest a specific time after which administering the
P4 is no longer necessary. Instead, we suggest that the P4 is a necessary questionnaire
for administration in the first eight weeks (56 days) following surgery, and that its
administration after that point should be at the discretion of the clinician on a case-by
case basis. A practical approach for the use of the P4 in a clinical setting may be to set a
measurable goal for a patient to attain by a certain time. For example, a clinician may be
treating a patient who has a P4 score of 35/40 at their initial visit after surgery. The
clinician may tell the patient that they are going to work to bring that score down to 15/40
by the third week after surgery, and then to 6/40 by their eighth week after surgery. In
this, the P4 provides a medium to both set and measure goals over time. In this way,
clinicians can use this document to set and evaluate both long-term and short-term goals
for their patients.
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The P4 is also a valuable tool in a research setting. It has been validated in a variety of
patient populations, which makes it useful for comparing pain between different
treatments, conditions, and investigations. Additionally, the P4’s simple administration
allows for minimal time necessary to collect information from patients, and its scores can
be easily interpreted by researchers and their colleagues.

ACL-QOL
The Symptoms Domain o f the ACL-QOL showed an initial, large improvement in scores
followed by a relatively less dramatic improvement in scores. While this measure
appears to report change throughout the continuum, we observed a large variability in
scores throughout the recovery time line. Patients in the early stages of rehabilitation had
difficulty responding to the items in this domain concerned with the knee giving way,
knee weakness, and knee pain with activity, as they were not yet bearing weight on their
knee. Their subsequent ability to move their knee and therefore report on these
properties is likely the reason that we see such a dramatic increase in score in the first 60
days after surgery.

Pain has been shown to have a significant inverse relationship with score on the ACLQOL measure,10 yet there is only one item on the entire questionnaire regarding pain.
Furthermore, this item is concerned with pain during activity, and therefore might be
reporting one’s inability to move one’s knee, and not one’s pain, in the very early stages
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of rehabilitation. These findings provide evidence that the Symptoms Domain may not
be collecting relevant information about symptoms in the early stages of rehabilitation.

We observed the greatest change in the Work Domain of the ACL-QOL from about 40 to
70 days after surgery. However, we observed a large variability in scores, which may be
due to the wording o f the items in this section. Two items address pivoting and squatting
motions at work, whereas the other items two inquire about how concerned the individual
is about missing work or school. Our sample included many students and younger
individuals for whom missing work or school may not have been a very large concern.
However, our sample also included adults whose livelihoods are dependent upon their
occupations. Thus, this section of the measure is difficult to interpret for a varied patient
population during this time frame.

The Recreation Domain of the ACL-QOL showed an almost linear increase of about 30
points over the entire continuum. The vast majority o f the 12 questions concern
limitations one experiences while participating in sport. The standardized protocol
implemented in this study did not allow patients to return to sporting practice or game
play until approximately 24 weeks (170 days) after surgery and only with acceptable
performance on standardized functional tests. However, this domain shows a steady
increase starting early in the post-operative period, despite the limitations on activity and
sport participation. This change in recreational quality o f life despite prescribed activity
restrictions may mean that either the patients’ interpretations of the items in this section
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do not require them to be actually participating in activity (only hypothesizing what they
would be able to do if they were permitted to participate), or it could suggest that this
domain is actually measuring an underlying construct that does not require patients to be
participating in sport or recreational activities.

The Lifestyle Domain o f the ACL-QOL also showed a fairly linear increase from a score
of about 10 points to a score just over 60 points. Again, this section is mostly concerned
with one’s participation in activities that may not be relevant to the entire population who
opt for ACL surgery. For example, two of the five items inquire about activities with
one’s family, which may not seem relevant for adolescents who no longer live at home,
or for young adults who do not have children. Interpretations of these questions by these
subpopulations may contribute to the large spread of scores on this measure throughout
the rehabilitation continuum.

We observed very little change in the Social and Emotional Domain of the ACL-QOL
over the entire 24-week period, with a very large variability in individual scores. This
variability is likely a manifestation of many factors, but may be related to the topics or
wordings of items in this section. One of the five items in this section is concerned with
one’s ‘competitive needs’ and may not be relevant to recreational athletes or individuals
who are not competing in sport. Also, many patients were unsure of how to answer the
second item regarding ‘coming to grips’ with one’s knee problem, and different
interpretations may affect the uniformity o f scores. Additionally, the final three items are
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concerned with apprehension, limb confidence, and fear of re-injury. These items may
not be appropriate for patients within our time frame of study. According to Wilk et al.
(1994), patients may require longer than six months to achieve acceptable limb
confidence and to decrease their apprehension, so measures of these properties before six
months may not be valid.11

The Total score for the ACL-QOL document showed a relatively small linear
improvement over the time frame with a large spread in scores. The variability in scores
can be attributed to the variability observed for each of the individual domains, as the
total score is simply an average of each individual item. The modest increase in total
scores from about 20 to about 60 may be limited due to the large percentage of questions
regarding sporting activity and participation. The Recreation Domain has the largest
number o f items (and therefore the greatest percentage contribution to the total score) and
a patient’s inability to return to sport before the 24-week mark may be skewing the
aggregate scores for this document.

Ramjug et al. (2008) stated that the ACL-QOL document showed the truest
representation of knee function from the patient’s perspective. However, the authors did
not expand upon their determination of this conclusion; they tested only three measures,
and did not explicitly state the length of their long-term follow-up. In contrast, BarberWestin et al. (1999) stated that the ACL-QOL document was structured in a way that
complicated the comparison of results between studies and did not facilitate
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understanding a patient’s symptoms or function with activity.12 We also found that this
questionnaire required several minutes to complete, which is not ideal for clinicians with
tightly-scheduled patients.

In general, several items on the ACL-QOL are not relevant to the patient population
during the early stages o f recovery. The small amount of relevant information gleaned
about a patient’s status does not warrant the issues surrounding its administration. Thus,
this questionnaire may not be suitable for evaluating early changes in post-operative
recovery of the ACL-reconstructed population, and may be especially troublesome in a
busy clinical environment.

IKDC-SKEF
The Symptoms Domain of the IKDC-SKEF showed very little change and a large
variability in scores over the entire continuum. The items in this section concern pain,
stiffness, swelling, locking/catching, and giving way. Previous studies have reported that
pain has a significant effect on IKDC-SKEF score in that lower levels o f pain are
associated with higher IKDC-SKEF scores.13 This finding is not surprising given that
three of the five questions in this domain concern pain. Also, three of the five questions
inquire about a symptom during activity. As with the Symptoms Domain of the ACLQOL, these questions may not be appropriate for patients in the very early stages of
rehabilitation. Furthermore, many patients were unsure of the use of the term
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“significant” with respect to symptoms, and the differing interpretations of this term may
also have contributed to the large variability in scores.

It is interesting to note that the Sport Domain of the IKDC-SKEF appears to have a very
similar change profile to that of the LEFS. This likeness can be explained by the
similarity o f the questions and scaling responses. Like the LEFS, the Sport Domain of
the IKDC-SKEF contains questions regarding one’s ability to perform a broad range of
simple and more difficult activities, and is scaled on a 4-point Likert scale. Thus, the two
measures respond very similarly over time, and both capture change throughout the
rehabilitation continuum.

The Function Domain o f the IKDC-SKEF showed a somewhat linear increase over the
entire time period. This linearity is not surprising, given the structure of the single
question used to score this domain and the scale on which it is answered. The question is
a simple statement o f one’s current knee function, on an 11-point Likert scale. For this
type of question, patients often have a very low initial value at their first visit after
surgery, and the goal o f returning to their previous level of activity representing thenperfect score. Thus, the linear relationship takes shape as patients progress incrementally
towards their terminal goals. However, this single question is not sensitive to the changes
that may be taking place at the early stages of rehabilitation, as patients are still very far
from their final goal of returning to sport, and thus it may not reflect improvement in
more simple tasks. The nature of the final goal will differ greatly between individuals,
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and this lack of conformity is likely a contributor to the large variability seen in
individual scores within this domain.

The Total score for the IKDC-SKEF showed a relatively large improvement over the
entire 200-day continuum, with the greatest change being seen within the first 10 weeks
(70 days). The total score is an aggregate o f all o f the items on the questionnaire, and this
larger rate of change seen in the early stages of rehabilitation is likely as a result of the
rapid changes seen in the Sport Domain during this time. Also, the variability o f the total
score will reflect the variability in each domain.

It is important to note that the domains of the IKDC-SKEF have not yet been validated
individually (apart from the total score). However, we have shown that the individual
domains report change differently over time, and we suspect that more information may
be gleaned from these individual domains than from the total score for this measure.

The IKDC-SKEF is an internationally-recognized document13 that contains items of high
importance to patients.14 Hambly et al. (2010) reported that the IKDC-SKEF was the
most relevant to patients in the first 12 months after surgery, and supported its use in this
time frame.15 We cannot disagree with these statements. However, it may be necessary
to use the information from the individual domains in order to fully understand the
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changes taking place for patients. To this end, research validating the domain scores
independent from the total score is still needed.

5.3.0 Variability in scores
Variability increased for all measures after about 16 weeks post-surgery. There are two
possibilities to explain this increase in variability. Firstly, it is possible that patients are
not experiencing large changes after this time point, and therefore there may not be
sufficient change to be detected by the measures. In contrast, it is possible that these
patients are still changing but that none o f the measures included in this study are
sensitive enough to capture that change within this time interval. According to the
standardized protocol in this study, most patients at the 16 week time point would just be
progressing into sport-specific plyometrics and proprioception training, and would not
yet have returned to their sport. The measures in this study address many concerns
regarding the functional and psychosocial aspects of returning to sport. Therefore, it
seems logical to assume that patients would still be experiencing noticeable change in
their progression from 16 weeks to 24 weeks after surgery, which is the earliest that they
would be able to return to sport. This hypothesis suggests that the measures in this study
were therefore simply not sensitive enough to measure changes during the last two time
points. However, given the lack of previous research with any measures during these
stages o f the early post-operative period, we are unable to conclude which of these two
possibilities is the more likely explanation for increased variability in measure scores.
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There are many strengths o f this study. Firstly, this is the only study, to the best of our
knowledge, to describe changes and to evaluate measures throughout the early post
operative time period. Secondly, this is the first study to provide insight into the
appropriate uses of these measures within this time frame. Additionally, the sample used
in this study is representative of the population that attends physiotherapy after ACL
reconstruction, and is therefore relevant to clinicians in orthopaedic physiotherapy.
Furthermore, this study provides clinicians with a better understanding of how pain,
function, and quality of life change over the early post-operative period, which is
beneficial for making treatment and retum-to-play decisions.

The main limitations in this study were the small sample size and the number of patients
lost to follow-up. Every patient who met the eligibility criteria was recruited into the
study and was diligently monitored to complete the data collection process. However,
patients were lost to follow-up due to factors outside the control o f the investigators such
as moving to another city, pursuing rehabilitation in a clinic that is covered by the
Ontario Health Insurance Plan (OHIP), or being inconsistent with scheduling visits and
therefore missing key time intervals of data collection. The patients that were lost to
follow-up in our study were considered to be missing at random In other words, the
reason they have missing data is due to a variable that is not related to the outcome.
These variables that affect data collection may systematically prevent several patients
from having complete data sets. For example, patients who switched clinics in order to
attend a clinic that is covered by OHIP can be considered a group that is similar in that its
members do not have extended health benefits. The loss of follow-up data from these
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patients may affect the representativeness o f our sample, in that our data may be biased to
including only patients with health benefits or those who can afford to pay for
physiotherapy. Another example is a lack o f complete data sets from patients who were
inconsistent with their scheduling or did not schedule any appointments within the
intervals of interest. The representativeness of our sample may be affected in that
patients who attend physiotherapy regularly and complete studies may differ
fundamentally from those who do not. To our knowledge, no patients were lost to
follow-up for reasons concerning their involvement in the study. It should also be noted
that we did not investigate an exhaustive list o f measures in this study. There are
questionnaires designed to address phenomena not explicitly discussed here (such as
kinesiophobia, etc.) that may be relevant to clinical practice, and should be investigated
in the future.

Future studies should investigate changes during this time period more thoroughly.
Specifically, studies that determine whether or not there are differences in the change
profiles of patient subgroups are necessary to improve our knowledge about this time
frame, and to assist clinicians in treating individuals after ACL reconstruction.
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CONCLUSION

The most common concerns of clinicians in using outcome measures are implementing
them in a busy clinical setting and being able to interpret their information easily. We
believe that the LEFS and the P4 are the most effective measures at capturing relevant
information from patients in the first six months after ACL reconstruction. Both of these
measures are very easy to administer and to score, which allows for the efficient
capturing of patient information in a fast-paced, clinical setting. Both the LEFS and the
P4 have been validated in a variety of patient populations commonly seen by
physiotherapists, and therefore their utility is improved in that clinicians do not need to
become familiar with a new document for each condition they treat. Finally, the LEFS
and the P4 are actively used in both research and clinical settings, which facilitates the
knowledge transfer between these two disciplines. Our results suggest that the LEFS
reports change throughout the entire early post-operative period, whereas the P4 may be
more effective if used to set and to measure progress towards goals on a patient-to-patient
basis.
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L O W E R E X T R E M IT Y F U N C T IO N A L S C A L E

W e are interested in knowing whether you are having any difficulty at all with the
activities listed b elow because o f vour lower limb problem for which you are currently
seeking attention. Please provide an answer for e a c h activity.
T o d a y , d o v o u o r w o u ld v o u h a v e a n y d if f ic u lt y a t a ll w ith :
________________________________________________ ____________

(Circle one number on each line)

Extreme
Difficulty
or Unable
to Perform
Activity

Quite a bit
of
Difficulty

Moderate
Difficulty

A Little
bit of
Difficulty

No
Difficulty

a. Any o f your usual work, housework or school
activities.

0

1

2

3

4

b. Your usual hobbies, recreational or sporting activities.

0

1

2

3

4

c. Getting into or out o f the bath.

0

1

2

3

4

d. Walking between rooms.

0

1

2

3

4

e. Putting on your shoes or socks.

0

1

2

3

4

f. Squatting.

0

1

2

3

4

g. Lifting an object, like a bag o f groceries from the
floor.

0

1

2

3

4

h. Performing light activities around your home.

0

1

2

3

4

I. Performing heavy activities around your home.

0

1

2

3

4

j. Getting into or out o f a car.

0

1

2

3

4

k. Walking 2 blocks.

0

1

2

3

4

1.

0

1

2

3

4

m. Going up or down 10 stairs (about 1 flight o f stairs).

0

1

2

3

4

n. Standing for 1 hour.

0

1

2

3

4

o. Sitting for 1 hour.

0

1

2

3

4

p. Running on even ground.

0

1

2

3

4

q. Running on uneven ground.

0

1

2

3

4

r. Making sharp turns while running fast.

0

1

2

3

4

s. Hopping.

0

1

2

3

4

t. Rolling over in bed.

0

1

2

3

4

ACTIVITIES

Walking a mile.

C o lu m n T o ta ls :
© 1996 JM Binkley (reprinted with permission)

S c o r e : _________/ 8 0

(699)
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P4
When answering these questions, think only of the pain you are experiencing in
relation to the problem for which you are having treatment.
Circle one number for each of the four questions.
On average, how bad has your pain been:
No
Pain

Pain
as bad as
it can be

In the morning over the past 2 days?

0

1 2 3 4 5 6 7 8 9 10

In the afternoon over the past 2 days?

0

1 2 3 4 5 6 7 8 9 10

In the evening over the past 2 days?

0

1 2 3 4 5 6 7 8 9 10

With activity over the past 2 days?

0

1 2 3 4 5 6 7 8 9 10

(699)
© 2001 G S p a d o n i, r e p rin te d w ith p e rm issio n
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2000 IKDC SUBJECTIVE KNEE EVALUATION FORM
Your Full Name________________________________________________
Today's D a te :______ / _______ / ___

______ /________ /_____
Day
Month
Year

Date of Injury:

Year

Day

Month

SYMPTOMS*:
*Grade symptoms at the highest activity level at which you think you could function without
significant symptoms, even if you are not actually performing activities at this level.
1.

W hat is the highest level of activity that you can perform without significant knee pain?
4U V ery strenuous activities like jumping or pivoting as in basketball or soccer
3QStrenuous activities like heavy physical work, skiing or tennis
2QModerate activities like moderate physical work, running or jogging
la L ig h t activities like walking, housework or yard work
OLIUnable to perform any of the above activities due to knee pain

2.

During the past 4 weeks, or since your injury, how often have you had pain?

Never

3.

10
9
□
□
Constant

8
□

7
□

6
□

5
□

4
□

3
□

2
□

6
□

5

4

l

a

3
□

2

a

a

a

l

a

0
□

I f you have pain, how severe is it?

10
No pain □

9
8
□
□
Worst pain

7
□

0
□

imaginable
4.

During the past 4 weeks, or since your injury, how stiff or swollen was your knee?
4Q N ot at all
3GMildly
2Q Moderately
lQ V e ry
O a Extremely

5.

W hat is the highest level of activity you can perform without significant swelling in your
knee?
4 a V e ry strenuous activities like jumping or pivoting as in basketball or soccer
3C3Strenuous activities like heavy physical work, skiing or tennis
2QModerate activities like moderate physical work, running or jogging
la U g h t activities like walking, housework, or yard work
OaUnable to perform any of the above activities due to knee swelling

6.

During the past 4 weeks, or since your injury, did your knee lock or catch?
OaYes

lQ N o
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7.

W hat is the highest level of activity you can perform without significant giving way in
your knee?
4 a V e ry strenuous activities like jumping or pivoting as in basketball or soccer
3QStrenuous activities like heavy physical work, skiing or tennis
2GModerate activities like moderate physical work, running or jogging
la L ig h t activities like walking, housework or yard work
OQUnable to perform any of the above activities due to giving way of the
knee
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Page 2 - 2000 IKDC SUBJECTIVE KNEE EVALUATION FORM
SPORTS ACTIVITIES:
8.

W hat is the highest level of activity you can participate in on a regular basis?
4D V ery strenuous activities like jumping or pivoting as in basketball or soccer
3 □ Strenuous activities like heavy physical work, skiing or tennis
2 □ Moderate activities like moderate physical work, running or jogging
lQ L ig h t activities like walking, housework or yard work
OOUnable to perform any of the above activities due to knee

9.

a.
b.
c.
d.
e.
f.
9h.
i.

How does your knee affect your ability to:
Not
difficult at
all
4Ü
Go up stairs
4a
Go down stairs
4a
Kneel on the front of your knee
4a
Squat
4a
Sit with your knee bent
4a
Rise from a chair
4a
Run straight ahead
Jump and land on your involved
4a
leg
4a
Stop and start quickly

Moderately
Difficult

Extremely
difficult

Unabl
e to
do

3a
3a
3a
3a
3a
3a
3a

2a
2a
2a
2a
2a
2a
2a

ia
la
la
la
la
la
la

oa
oa
oa
oa
oa
oa
oa

3a

2a

la

oa

3a

2a

la

oa

Minimali

y
difficult

FUNCTION:
10. How would you rate the function of your knee on a scale of 0 to 10 with 10 being normal,
excellent function and 0 being the inability to perform any of your usual daily activities
which may include sports?

No limitation
in daily
activities

FUNCTION PRIOR TO YOUR KNEE INJURY:
Couldn't perform
daily activities
0

1

□

□

2

□

3

□

4

□

5

□

6

□

7

8

9

10

□

□

□

□

No limitation
in daily
activities

CURRENT FUNCTION OF YOUR KNEE:
Couldn't perform
daily activities
0

1

a

a

2

a

3

4

5

6

7

8

9

10

a

a

a

a

a

a

a

a

Ill

DATE :

___ /___ /___

QUESTIONNAIRE #:

___________

NAME/ID#: _________________________________

QUALITY OF LIFE
ASSESSMENT
IN
ANTERIOR CRUCIATE
LIGAMENT DEFICIENCY
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DIRECTIONS:
Please answer each question with respect to the current status, fonction circumstances
and beliefs surrounding your anterior cruciate deficient knee.
Consider the last three months and indicate with a slash on the line, the point ranging
from 0-100 which most closely represents your situation.
For example, the following question:
Is this a good questionnaire?
0
|-------------------------^ ---------------------------------1 100
Useless
Fantastic

If the slash is placed in the middle of the line, this indicates that the questionnaire is o f
average quality or in other words, between the extremes of useless and fantastic. It is
important to put your slash at either end of the line if the extreme descriptions
accurately reflect your situation.
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SYMPTOMS AND PHYSICAL COMPLAINTS
Make a slash at the extreme left of the line if you are experiencing the
symptoms to an extreme degree. If you are not experiencing the symptom, then the
slash should be placed to the extreme right of the line.

1.
way

With respect to your overall knee function, how troubled are you by giving
episodes?
a: severity
0 I
major giving
way episodes

HlOO
no giving
way episodes

b: frequency

constantly
giving way

never
giving way

2.
With any kind of prolonged activity (ie greater than half an hour) how much
pain or
discomfort do you get in your knee?

severe
pain

no pain

3.
With respect to your overall knee function, how much are you troubled by
stiffness or
loss o f motion in your knee?

0

I-

severely
troubled

4.
your

-------- 1 100

not troubled
at all

Consider the overall function of your knee and how it relates to the strength of
muscles: How weak is your knee?

4
remiLely
extre
weak

-------- 1 100

not weak
at all
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WORK/SCHOOL RELATED CONCERNS
The following questions are being asked with respect to your job or vocation.
The
questions are concerned with your ability to function at work and how your
knee has
affected your current work situation. If you are a full-time student
/homemaker consider this and any part-time work together. Consider the last three
months.

place a

If you are currently not employed for reasons other than your knee then
check on this line. ____________

5.
How much trouble do you have with turning or pivoting motions at work
because of
your knee?
0
severely
troubled

“1100
no trouble
at all

6.
How much trouble do you have with squatting motions at work because of
your knee?
0
I—
severely
troubled

- | 100
no trouble
at all

7.
How much of a concern is it for you to miss days from work/school, due to
problems
or reinjury to your knee? (Make a slash at the extreme left if you are
unable to
work because o f your knee.)
0

|--------------------------------------------------------- 1100

an extemely
significant
concern

no concern
at all

8.
How much of a concern is it for you to lose time from school or work because
of the treatment of your ACL deficient knee?
0

I

'100

an extremely
significant
concern

no concern
at all
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RECREATIONAL ACTIVITIES AND SPORT PARTICIPATION OR
COMPETITION
The following questions are concerned with your ability to fonction and participate in
these activities as they relate to your anterior cruciate deficient knee. Consider the last
three months.

9.
How much limitation do you have with sudden twisting and
movements or changes in direction?
0
Itotally
limited
10.
may

pivoting

_____ 100

no
limitations

How much of a concern is it for you that your sporting/recreational activities
result in the status o f your knee to worsen?
0
|_____
an extremely
significant
concern

__ |100
no concern
at all

11.
How does your current level of athletic or recreational performance compare
to your
pre-injury level?
0
totally
limited
12.
with,

With respect to the activities or sports that you currently desire to be involved
how much have your expectations changed because of the status of your knee?
0
totally
lowered

13.

100
no
limitations

—

-----1100

not lowered
at all

Do you have to play your recreation/sport under caution?
(Make a slash at the extreme left ie.0, if you are unable to play because of your

knee?)
0
|----------------------------------------------------------------------------- 1100
always
never
14.

How fearful are you of your knee giving way when playing
recreation/sport?
0

I_______________________________________________________ 1100

116
extremely
fearful
Sports/recreation cont’d

no fear

15.
Are you concerned about environmental conditions such as playing field, a
hard court
or type of gym floor when involved in your recreation /sport? (Make a
slash at the
extreme left ie 0, if you are unable to play recreation/sport because of
your knee.)10
0

I---

extremely
concerned
16.

100
not concerned
at all

Do you find it frustrating to have to consider your knee with respect to your
recreation/sport?
0
|---extremely
frustrated

not
at all

100
strated

17.
How difficult is it for you to go "full out" at your recreation/sport? ( Make a
slash at
the extreme left ie 0, if you are unable to play your recreation/sport
because o f your
knee.)
0
1
extremely
difficult

il00
not difficult
at all

18.
Are you fearful of playing contact sports? (Circle the "N/A" at the right of the
scale if
you do not play contact sports for reasons other than your knee.)
0
|—
N/A
extremely
fearful

^100
no fear
at all

The following questions are specifically asking about the 2 most important sports
or recreational activities that you do or that you wish to do. Please list them in
order.
1.
2.

19.
How limited are you in playing the number "1" sport/activity? (Make a slash
at the extreme left ie.0, if you are unable to play recreation/sport because of your
knee.)

117
0
|___
extremely
limited

100

iA limited
ii1'
not
at all

20.
How limited are you in playing the number "2" sport/activity?(Make a slash at
the
extreme left ie.O, if you are unable to play recreation/sport because of your
knee.)
0
—
extremely
limited

---1 100
not limited
at all
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LIFESTYLE
The following questiions are concerned with your lifestyle in general and should be
considered outside o f your work/school and recreation/sport activities as they relate
to your anterior cruciate deficient knee?
21.

Do you have to concern yourself with general safety issues (ie carrying small
children, working in the yard) respect to your ACL deficient knee?

|_

0
extremely
concerned

22.

How much has your ability to exercise and maintain fitness been limited by
your knee problem?
0
totally
limited

23.

HlOO
not limited
at all

How much has your enjoyment of life been limited by your knee problem?
0 Itotally
limited

24.

— 1100
no concern
at all

100
not limited
at all

—•

How often are you aware of your knee problem?
0 |---------------------------------------------------all of
the time

100
none of
the time

25.
Are you concerned with your knee with respect to lifestyle activities that you
and your
family do together?
0 |_
extremely
concerned

— | 100
no concern
at all

26.
Have you modified your lifestyle to avoid activities that are potentially
damaging to your knee?
I 100

totally modified

no modifications
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SOCIAL AND EMOTIONAL
The following questions are being asked about your attitudes and feelings as they
relate to your anteruior cruciate deficient knee.

27.
Does it concern you that your competitive needs are no longer being met
because o f
your knee problem?
0 | _____________________________________________________ . 100
extremely
noconcern
concerned
at all

28.
Have you had difficulty being able to psychologically “come to grips" with
your knee
problem?
---Joo
0
no difficulty
extreme
at all
difficulty

29.

How often are you apprehensive about your knee?

all of
the time

30.

How much are you troubled with lack of confidence in your knee?
0 |—
severeley
troubled

31.

100
none of
the time

\ 100
no trouble
at all

How fearful are you about reinjuring your knee?
0 I---extremely
fearful

100
no fear
at all
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ITEMS 1 AND 2: ANTERIOR VIEW OF THE RIGHT KNEE (FIGURE 2.1) AND
POSTERIOR VIEW OF THE LEFT KNEE (FIGURE 2.2)
Subject: RE: ACL solutions
From: Sohrab Gollogly
Date: Monday, August 16, 2010 11:27am
To: Leslie Witton
You have permission,
thank you for asking.
Sohrab Gollogly MD

From: Leslie Witton
To: Dr. Gollogly
Date: Mon, 16 Aug 2010 11:06:41 -0400
Subject: ACL solutions
Dear Dr. Gollogly,
I am a Masters of Science student at the Fowler Kennedy Sport Medicine Clinic in
London, Ontario, and I recently came across your "ACL Solutions" website. The
primary focus of my MSc is the ACL, and I was wondering if I could have your
permission to use the bottom two images from your Anatomy page
(http://www.aclsolutions.com/anatomy.php) for the "Basic Anatomy" chapter of my
thesis. This chapter is part of my literature review, and will not be part of any
publication of my work. Full citations for your credit will be included in this work as
well.
I would be happy to provide this request in writing if desired.
Thank you very much for your time.
Sincerely,
Leslie Witton
MSc Candidate (II)
BSc '09
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ITEM 3: THE COMPONENTS OF THE ICF MODEL (FIGURE 2.3)
Subject: Delivered: FW: WHO ICF query
From: Leslie Witton
Date: Friday, January 28, 2011 10:22am
To: "Campanario, Dolores"
Your message was delivered to the recipient.

Subject: WHO ICF query
From: Leslie Witton
Date: Wednesday, January 26, 2011 6:23pm
To: WHO Publication Department
Dear WHO Publication Department,
I am currently pursuing a Master of Science degree at the University of Western
Ontario in London, Ontario, Canada. Within my thesis, I am discussing the WHO'S
ICF framework and I was hoping to include the schematic on page 9 of your 2002
publication entitled "Towards a Common Language for Functioning, Disability and
Health ICF" in my review o f the literature. I would sincerely appreciate it if you
would grant me permission to utilize this schematic (with appropriate referencing) in
my thesis, as I believe that it will facilitate my readers' understanding o f the ICF.
Thank you very much for your time and your consideration.
Sincerely,
Leslie Witton
MSc Candidate (II)
BSc '09
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Definitions of the ICF Components
Body Functions:

physiological functions of body systems- includes
psychological functions

Body Structures:

are anatomical parts of the body such as organs, limbs
and their components

Impairments:

are problems in body function or structure such as
significant deviation or loss

Activity:

is the execution of a task or action by an individual

Participation:

is involvement in a life situation

Activity Limitations:

are difficulties an individual may have in executing
activities

Participation Restrictions:

are problems an individual may experience in
involvement in life situations

Environmental Factors:

make up the physical, social, and attitudinal
environment in which people live and conduct thenlives

